Background: There is a paucity of literature from India on metachromatic leucodystrophy (MLD), a rare metabolic disorder of childhood resulting from aryl sulfatase A (ASA) deficiency. Patients/Methods: Case records of histopathologically verified cases of MLD, evaluated over a period of 12 years at the National Institute of Mental Health and Neurosciences, Bangalore, India, were reviewed. Results: The late infantile group (36) manifested with regression of milestones (all), delayed mile stones (14), gait abnormalities (14), and seizures (11). Despite spasticity (29), there was hypo/areflexia in 25 patients. Optic atrophy (six) was rare. Consanguinity was noted in 25 children and four had a history of similar illness in siblings. Behavioural problems dominated in the juvenile group (four), but associated cognitive decline and hyporeflexia provided a clue to the diagnosis. Low serum ASA (seven of 20), raised cerebrospinal fluid protein (five of 12), and urinary metachromatic granules (two of 32) were infrequent. Electrophysiological evidence of severe demyelinating and length dependent sensory motor neuropathy was observed in all, even in the presence of hyper-reflexia. In addition to metachromatic dysmyelinating neuropathy in all patients, sural nerve biopsy in 20 patients revealed orthochromatic deposits within perivascular macrophages, particularly among those patients with normal ASA values (11 of 14), suggesting the accumulation of other glycosphingolipids. Conclusions: This study produced some noteworthy observations: the high degree of consanguinity associated with MLD in India, the existence of MLD with normal serum concentrations of ASA, the deposition of orthochromatic lipids, and electrophysiological evidence of a partial conduction block.
M
etachromatic leucodystrophy (MLD) is a rare metabolic disorder of childhood caused by aryl sulfatase A deficiency. The accumulation of sulfatides occurs not only in the central nervous system, but also in various other tissues, including the peripheral nervous system. 1 2 The association of peripheral neuropathy with MLD is known, but this fact is largely overlooked. 3 Although the cardinal clinical manifestations are dominated by central nervous system involvement, signs of peripheral nervous system involvement are also evident on careful clinical examination. Our study highlights the importance of evaluating the peripheral nervous system in patients with suspected MLD.
PATIENTS AND METHODS
Our study involved 40 patients with MLD in whom the peripheral nerve revealed the presence of metachromatic material in frozen sections stained with cresyl violet. The case records of these patients were reviewed for clinical, electrophysiological, and pathological features. Patients older than 18 years and those in whom a diagnosis of MLD was suspected but the peripheral nerve failed to reveal metachromatic material were excluded.
Electrodiagnostic tests were performed using standard equipment and techniques. 4 5 Conduction velocities in motor nerves were measured in median and peroneal nerves. Sensory nerve action potentials were elicited from median and sural nerves. For each nerve, the distal latency, conduction velocity, and amplitude were recorded.
Aryl sulfatase A was assayed using the artificial substrate, p-nitrocatechol sulfate (n = 20). 6 The assessment of urine for metachromatic granules (n = 32) and neuroimaging (computerised tomography, 22; magnetic resonance imaging, six) were also carried out.
A 2 cm length of the sural nerve was biopsied along the lateral melleolus and half of it was processed for paraffin wax embedding. The sections were routinely stained with haematoxylin and eosin, Kulchitsky Pal (for myelin), Maison's trichrome (for stromal elements), and monoclonal antibodies to neurofilaments to delineate the axons. A segment from the other half of the biopsy was cryosectioned and stained with cresyl violet to demonstrate the presence of metachromatic material. A limited number of samples were processed for araldite embedding and 1 mm thick toluidine blue stained sections were studied to delineate the myelin pathology. Ultrathin sections stained with uranyl acetate and lead citrate were examined under Jeol 100CX at 60 kv.
RESULTS
The patients were divided into two groups based on age at onset of symptoms: (1) late infantile MLD with age at onset between 1 and 4 years (n = 36) and (2) juvenile MLD (n = 4), with age at onset above 4 years. In the late infantile group, the mean (SD) age of onset of the symptoms was 25.3 (11.3) months and the mean (SD) duration of the illness before presentation was 17.5 (12.2) months. Fourteen children had a baseline delay in milestones, followed by regression, whereas others developed regression after a period of normal development. Eighteen children attained independent walking before the onset of illness, and 14 of these children had frequent falls as the initial symptom. In two patients, one in the late infantile group and one in the juvenile group, the initial presentation was predominantly peripheral neuropathy, and the diagnosis of MLD was suspected when they subsequently presented with progressive loss of milestones. In four families there was one other affected sibling with a clinical history suggestive of MLD. One of the siblings was confirmed by the histopathological study of a peripheral nerve. Parental consanguinity was prominent in our study group, 25 patients being born to consanguineous parents. Table 1 summarises the clinical features in the late infantile group.
In the juvenile MLD group, all four patients presented with behavioural abnormalities such as attention deficits, hyperactivity, inappropriate laughter, and hyper-oral behaviour. They also had learning problems and scholastic backwardness. Three patients had myoclonic jerks and all the patients had sluggish or absent deep tendon reflexes, which indicated underlying neuropathy. The electrophysiological and histopathological features were essentially similar in both age groups.
Metachromatic granules in the urine were detected in two of 32 patients tested. Cerebrospinal fluid protein concentrations were raised in five of 12 patients and ranged between 76 and 124 mg% (mean, 84). Serum aryl sulfatase A estimation was carried out in 20 patients. The concentration was low in seven patients (normal, 35-135 mmol/litre) and within the normal range in 13.
Computed tomography scans in 22 patients showed bilaterally symmetrical non-enhancing white matter hypodensities, consistent with a diagnosis of MLD. The areas involved were predominantly frontoparietal periventricular and deep white matter. In addition, magnetic resonance imaging in six patients showed sparing of subcortical ''U'' fibres and better delineation of the involvement of corticospinal tracts and corpus callosum.
Motor conduction studies were carried out on the median nerve (n = 20) in the forearm segment and the common peroneal nerve (n = 29) in the leg segment. In all instances, the median nerves revealed a severe reduction in conduction velocity, with a mean (SD) of 14.27 (4.7) m/s (normal, > 41).
In half of these patients the compound muscle action potential amplitude was less than the lower limit of normal (normal, > 3.5 mV). The common peroneal nerve was unexcitable in two patients, whereas in the others the nerve conduction velocities were reduced (mean, 14.8 m/s; SD, 6.22; normal, >44). The amplitude of the compound muscle action potential was reduced in 21 patients (normal, > 2.5 mV). A partial conduction block, between the proximal and distal sites, was seen in two patients in the late infantile group and one in the juvenile group. 7 This was present in the median nerve in two patients and both the median and common peroneal nerves in the third patient.
Sensory conduction parameters were evaluated in the median nerve using the orthodromic technique (n = 18). In 14 patients, sensory potentials could not be elicited, whereas in the remaining patients conduction velocities were moderately reduced (mean, 26.8 m/s; SD, 7.3; normal, > 55.3). The sural nerve was assessed using the antidromic method (n = 31). Sensory action potentials were absent in 25 patients and the conduction velocities were reduced in the remainder (mean, 21.18 m/s; SD, 8.9; normal, > 45).
On light microscopic examination of the biopsied sural nerves, diffuse, uniform hypomyelination with abnormal myelin configuration and remodelling were noted in all biopsies (fig 1) . Bloated Schwann cells, containing granular metachromatic storage material (fig 2A) , which revealed characteristic yellow green dichroism under crossed polarised light (fig 2B) , were seen in all the nerves. In addition, active myelin degradation in the form of fine granular, osmiophillic debris in Schwann cells and macrophages was noted in 11 biopsies. This feature did not correlate with age at onset and duration or stage of the disease. Despite prominent Schwann cell proliferation, onion bulb formation was conspicuously absent. The myelinated fibre population, both large and small, was reduced to varying degrees-severe in three, moderate in 28, and mild in five. Axonal stains revealed concomitant loss of both large and small diameter axons. The extent of axonal loss did not correspond with the duration of illness or the age at onset. Metachromatic storage material on cresyl violet staining was detectable within Schwann cells and endoneurial macrophages, and varied in amount and topographic distribution. On electron microscopic examination of the nerve biopsies, characteristic round to oval tuff stone inclusions were seen within the Schwann cell cytoplasm and free in the endoneurium among the collagen (fig 3) . These inclusions had lamellar and prismatic discs arrayed in stacks enclosed within a thin membrane. Some of the inclusions were small and dense capped by lamellae, and these were seen as extracellular aggregates. No distinct zebra body types of inclusions were seen. The myelinated fibres revealed myelin breakdown and thinning and remodelling of the myelin sheath, reflecting the features seen on semithin sections. The axons revealed varying degrees of degeneration.
A unique finding seen in 20 biopsies was bright granular, eosinophillic, circumscribed deposits within endoneurial perivascular macrophages (fig 4) and occasional Schwann cells. Aryl sulfatase A values were available for 14 of the 20 patients with these findings. It is noteworthy that 11 of these patients had normal aryl sulfatase A concentrations. This material was osmiophillic, periodic acid Schiff positive, but non-metachromatic on cresyl violet staining, and resisted dissolution by the lipid solvents used in routine paraffin wax processing, suggesting that it is a form of glycoprotein conjugated with lipid. This adventitious material was noted in patients of both the late infantile and juvenile groups.
DISCUSSION
Our study involved 40 patients with histological evidence of metachromasia in sural nerve biopsies. In addition, electron microscopy on 10 biopsies revealed typical lamellar and prismatic tuff stone inclusions in the Schwann cell cytoplasm and in the endoneurium.
The role of sural nerve biopsy in the diagnosis of MLD has been amply stressed. 8 9 Metachromasia in nerve biopsy is specific to MLD when appropriate staining techniques are used. Moreover, the yellow green dichroism seen under crossed polarised light is caused only by the sulfatide material found in MLD. 10 Evidence of demyelination on electrophysiological studies and neuroimaging with clinical findings of central and peripheral nervous system involvement is common to many conditions included under the rubric of progressive cerebral degeneration in childhood. Hence, additional parameters such as the biochemical demonstration of aryl sulfatase A deficiency becomes necessary for establishing the diagnosis. In view of the pseudodeficiency of aryl sulphatase A seen in certain psychiatric and neurological disorders, the demonstration of metachromatic deposits in the tissues assumes paramount importance in discriminating MLD from other conditions, making tissue examination the most specific means of confirming the diagnosis. 11 12 Our patients were divided into late infantile and juvenile groups according to the age of onset. Twenty five children were born to consanguineous parents, with more than one sibling affected in four families, suggesting an autosomal recessive inheritance. Although the prevalence of marriages between close biological relatives is low in most Western countries it is as high as 33% in south India. 13 In our study, consanguineous marriages were recorded in 25 of 40 parents, indicating the influence of consanguinity on the high incidence of recessive disorders.
Cardinal clinical features were characteristic gait abnormalities and recurrent falls with regression of milestones. 14 15 In our present series, a baseline delay in milestones was seen in 14 children and 15 patients never attained independent walking. All the patients with juvenile MLD presented predominantly with behavioural problems, but sluggish or absent muscle stretch reflexes provided a clue to the underlying neuropathy.
Raised cerebrospinal fluid protein in a child with progressive cerebral degeneration favours the diagnosis of MLD. It was noted in five of 12 patients, a lower frequency than described previously.
14 The examination of urine for metachromatic granules was not rewarding, being positive in only two patients.
Serum aryl sulfatase A concentrations were within the normal range in 13 patients, despite evidence of accumulation of metachromatic material in the sural nerve. A variant of MLD has been described in which patients have normal concentrations of aryl sulfatase A but increased urinary sulfatide excretion, decreased catabolism of sulfatide by cultured fibroblasts following a loading dose, and evidence of sulfatide storage on sural nerve biopsy. 16 We need to establish whether the patients in our study with normal aryl sulfatase A concentrations genuinely represent the AB variant or the sphingolipid activator protein deficiency. Despite these phenotypic differences in pathological features, there was no apparent difference in age at onset, clinical presentation, brain imaging, or electrophysiological parameters between patients with normal or low aryl sulfatase A values.
We observed length dependent neuropathy with reduced conduction velocity involving the sensory nerves more often than the motor nerves, similar to earlier reports. [17] [18] [19] [20] Conduction block, a hallmark of acquired neuropathies, has only rarely been reported in cases of MLD. 21 This feature was noted in three children in our present study. Interestingly, two of them were siblings and in one case the nerve biopsy showed dense inflammatory infiltrates.
Two patients, one in the late infantile group and one in the juvenile group, presented predominantly with features of acute peripheral neuropathy and were diagnosed as having Guillain-Barré syndrome. The diagnosis of MLD was suspected later when they developed signs of mental regression. This presentation of MLD as a pure peripheral neuropathy simulating Guillain-Barré syndrome is rare. 3 18 19 22-24 Sural nerve biopsy has proved to be the most appropriate method for the diagnosis of MLD. 21 The electrophysiological alterations have paralleled the structural changes of segmental demyelination in nerve biopsy. 1 25 An additional and yet distinct observation in our study was the presence of orthochromatic deposits in sural nerves mainly seen in patients with normal aryl sulfatase A values (11 of 14) . This type of non-metachromatic, periodic acid Schiff positive material has previously been reported in a patient with activator protein deficiency. 26 The normal aryl sulfatase A concentrations seen in most of the patients in our present study emphasises the diagnostic importance of electrophysiological studies and nerve biopsy in patients suspected to have MLD. This is the largest cohort of MLD in the literature from a single centre in south India. Molecular genetic testing was not done because of the lack of facilities. Nevertheless, our study has provided some noteworthy observations, namely: the high consanguinity rate, the presence of a large subgroup with normal aryl sulfatase A concentrations, the partial conduction block seen in three patients, and the presence of orthochromatic deposits in addition to metachromatic material in the nervous tissue. Further studies to establish the higher prevalence of activator protein deficiency among south Indian patients with MLD are needed.
